Objective: To compare measures of growth and body fatness (body mass index (BMI) and % body fat) in children from two contrasting income backgrounds and to examine the contribution of height difference to these measures. Design: Cross-sectional study.
Introduction
The obesity epidemic has extended across all sections within the population, including all age, ethnic and income groups. In the UK childhood population, most recent figures for overweight/obesity rates are at around 30%, although this figure varies depending on geographical region, age and ethnicity.
1 Obesity prevalence both within and outside the United Kingdom is known to be higher in children from lower income backgrounds compared with those from more affluent families. 2, 3 These prevalence figures in children are based on body mass index (BMI) as the measure of overweight and obesityFa valued and simple assessment tool. 4, 5 However, it is accepted that BMI only represents a crude proxy for body fatness and hence has a number of drawbacks. 6 Specifically, it does not distinguish between fat mass and fat-free mass; it gives no indication of body fat distribution and can misclassify some children, leading to a potential underestimation of true obesity prevalence and the number of children at risk of obesity-related morbidity. 7, 8 One often overlooked contributory factor to the higher observed prevalence of overweight and obesity in children from lower income backgrounds is their shorter height for age compared with children from higher income groups. This means that at similar body weights across income groups, BMI would be greater in children from lower income groups. 9, 10 Furthermore, if body weight for age were to be higher in lower income children, this would compound the effect of shorter stature on BMI even further.
A relatively recent addition to the range of obesity assessment tools in children is the body fat reference chart with centile cutoffs to define underfat, normal fat, overfat and obese. 11 These charts have been developed using bioelectrical impedance analysis (BIA). This technology is improved over earlier versions and has been incorporated into step-on scales. 12 As it is excess body fat rather than excess body weight that is associated with obesity-related pathology, including dyslipidemia, raised blood pressure and insulin resistance, a specific measure of body fatness, such as that provided by BIA, should perform better as a monitoring tool and therefore avoid or minimize misclassification of children. In view of the earlier reported prevalence differences in overweight and obesity (based on BMI) between children across different income groups, this study extended these previous observations by comparing both BMI and whole body fatness in two contrasting populations of children using the new UK body fat references. Second, this study allowed for further exploration of the contribution of height to these reported differences.
Subjects and methods

Subjects
The subjects for this analysis were extracted from two data sets previously collected by this group. The first data set comprised 1115 children aged 5-14 years who formed part of a survey of body fatness conducted in East London. The second data set comprised 1183 children aged 5-14 years, residing in Hertfordshire, Cambridgeshire and West London, most of whom formed part of the study to develop the UK body fat centile charts. 11 Parents/care takers were contacted by letter explaining the purpose of the studies and to request permission for their child to take part. No child was measured when consent was refused. Data on date of birth, gender and ethnicity were collected at the same time that the anthropometric measurements were performed. Children were individually coded and the data were anonymized. This analysis was restricted to Caucasian children.
Anthropometric and body fat measurements
Data collection procedures were identical in both surveys and all measurements were taken on school premises. The same trained measurers were mainly responsible for data collection in both surveys. Height was measured to the nearest 0.1 cm (Seca stadiometer, Marsden, UK) with children standing in bare feet. Body mass (measured to the nearest 0.1 kg with correction for light indoor clothing) and whole body percentage body fat were measured using the Tanita BC-418MA Segmental Body Composition Analyzer (Tanita Corporation, Tokyo, Japan ). Waist circumference was also measured but this variable did not form part of the analysis in this study.
Ethical approval
This study was approved by the London Metropolitan University Ethics Committee.
Statistical analysis Z-scores for height, weight, BMI and percentage body fat (%BF) were calculated using the 1990 UK growth reference data 13, 14 and the body fat reference data. 11 Mean z-scores were compared between the two income groups and between boys and girls using a t-test for unpaired data. Comparisons between the two population groups were extended to examine height, weight and %BF within categories of BMI (non-overweight and overweight/obese) and %BF (normal fat and overfat/obese). The prevalence of children with excess weight/body fat was quantified using two assessment toolsFthe International Obesity Task Force (IOTF) BMI cutoffs to define overweight and obese 15 and % body fat cutoffs (%BF) to define overfat and obese. 11 Chi-square tests were performed to examine differences in the proportion of boys and girls and the proportion of children in each income group who were overweight/obese (BMI, IOTF) and overfat/ obese (%BF). The general geographical locations and demography of the two populations in this study contrast in their levels of affluenceFthe first being a poorer urban/inner city London area with a high density of social housing, and the second being a more wealthier rural/provincial area bordering the outskirts of London. For the purpose of this analysis, the two populations' income characteristics were defined at the school level from the percentage of children eligible for free school meals. This information, which is routinely collected by Local Education Authorities, is based on family level of income and is accepted as one standard measure of deprivation both within and between school populations. For schools in the first group (termed 'lower income' for the purpose of this study), a mean of 39% (range 17-57%) of children were eligible for free school meals, whereas in the second group (termed 'higher income'), the proportion of children was 7% (range 0-16%), with the national average being 21%.
16,17
Results
Characteristics of the study population are shown in Table 1 for the whole group and for boys and girls separately. Statistically significant differences between boys and girls were observed for absolute mean height, %BF and age-and sex-adjusted height and weight. Using the IOTF cutoffs for
Income status and body fatness D Samani-Radia and HD McCarthy BMI, 13.5 and 5% of the total study population was overweight and obese, respectively. Combined prevalence of overweight and obesity (BMI) was significantly higher in girls compared with boys (21 vs 17%, Po0.02), whereas combined prevalence of overfat and obesity (%BF) was similar in girls and boys (24.4 vs 23.3%, P ¼ NS). Table 2 shows the comparison of anthropometric variables between income groups. First, children from the lower income group were on an average slightly younger (by 0.15 years), but this did not reach statistical significance. Statistically significant between-income group differences were observed for absolute mean height, BMI and %BF, as well as for age-and sex-adjusted weight, height, BMI and %BF. Children from the lower income group were on an average shorter, heavier and fatter for their age than those from the higher income group. This resulted in the lower income group having significantly higher combined levels of overweight and obesity compared with those from the higher income group (23.2 and 14.6%, respectively, Po0.001). This income group difference was magnified when prevalence was based on %BF. Children from the lower income group had a significantly higher prevalence of overfat and obesity (31.2%) compared with children from the higher income group (16.4%, Po0.001).
The income group influence on z-weight, z-%BF and z-height was also observed both within and across categories of BMI and %BF. No difference in z-weight was observed between income groups in the non-overweight category, whereas in the overweight/obese category (based on BMI), children from the lower income group were significantly heavier for their age and sex (Po0.05, Table 3 ). Z-%BF, however, was significantly greater in the lower income group children within both the non-overweight and overweight/ obese BMI categories (Po0.001). When children were categorized by body fatness (%BF), no difference in z-weight was observed between the income groups either within the normal fat category or within the overfat/obese category (P40.05, Table 4 ). However, z-%BF was significantly higher in the lower income children within the normal fat and overfat/obese categories (Po0.001). Hence, %BF was Income status and body fatness D Samani-Radia and HD McCarthy always higher in the lower income group regardless of BMI or body fat status.
Children from the lower income group were significantly shorter than those from the higher income group (Table 2) , whether expressed as absolute height (by a mean of 1.3 cm Po0.05) or as z-height (Po0.05). However, this significant difference in z-height was not observed between the income groups when boys (0.28 vs 0.35) and girls (0.14 vs 0.22) were analyzed separately. In addition, children who were overweight/obese (BMI) for their age were significantly taller than those who were not overweight for their age (z-height 0.74 vs 0.14, Po0.001). Similarly, children who were overfat/obese (% BF) for their age were also significantly taller than children who were of a normal fat for their age (z-%BF 0.60 vs 0.15, Po0.001). Thus, irrespective of the assessment tool used, overweight/overfat and obese children were significantly taller for their age than non-overweight/ normal fat children. However, within the non-overweight, normal fat and overfat categories, children from the lower income group were consistently shorter than those from the higher income groups (Po0.005 Figures 1a and b) . This income group difference was not observed in the overweight/obese group (based on BMI, P40.05 Figure 1a) . However, when absolute mean height was compared between income groups in the overweight/obese group, those from the lower income group were significantly shorter (by a mean of 4.2 cm, Po0.005).
In summary, the lower income group had a higher prevalence of overweight (BMI), overfat (%BF) and obesity (BMI and %BF). They were generally shorter than children from the higher income group and also had higher body fat levels. However, although lower income children were generally heavier, the income group difference in this variable was not always straightforward.
Discussion
This cross-sectional study set out to compare anthropometric measures of growth and body fatness between children from two contrasting population groups with respect to levels of affluence, as it has previously been shown that the prevalence of overweight and obesity is greater in children from a lower income background. At the same time, this study used two different measures of adiposityFBMI and %BF (the latter derived from BIA)Fand is one of the first studies to use both assessment methods in the same survey. The key findings were that children from the population group termed 'lower income' were, on an average (for their age), shorter in height and heavier in weight, with a higher BMI and %BF.
Although this study did not set out to specifically determine prevalence levels of overweight/obesity, findings showed that within the 'lower income' group, prevalence (23.2%) was similar to national statistics in cases in which the IOTF cutoffs have been used, whereas for the 'higher income' group it was lower (14.6%). 18 The lower prevalence in this sample of 'higher income' group children was expected, 11 although it is most likely not a true representation of the national prevalence within this income group. Furthermore, when prevalence levels were quantified using %BF, further important observations were made. First, levels Income status and body fatness D Samani-Radia and HD McCarthy of overfat and obesity were only slightly increased in the 'higher income' group compared with the levels of overweight and obesity in that group when based on BMI and IOTF cutoffs. However, within the 'lower income' group, levels of overfat/obesity were substantially higher than its levels of overweight and obesity (BMI/IOTF). As a result, the 'income group' difference in prevalence was substantially inflated, with the prevalence of overfat and obesity reaching almost twice of that in the 'higher income' group. The implications of these observations must be considered. First, the BMI-%BF prevalence disparity could be in part due to differences in the choice of cutoffs used between the two assessment tools. However, the selected cutoffs for %BF had specifically been chosen to form as close an approximation to the overweight and obese boundaries of the IOTF curves.
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A more likely explanation for the difference in prevalence between assessment tools is the known poor sensitivity of BMI (moderate-to-high false-negative rate), that is, its failure to identify all children with a high body fat content as overweight or obese. 6 Thus, these children would be misclassified as 'normal weight', therefore leading to an underestimation of the true prevalence figures. This study has clearly highlighted this deficiency of BMI and most likely provides a closer approximation of the actual prevalence levels. An additional and intriguing finding was that BMI underestimated the true prevalence of high body fatness/ obesity in the lower income group to a greater extent than it did in the higher income group. This seems to be the first time that this income group phenomenon has been observed and has important implications for the interpretation of prevalence statistics based on BMI. Exactly why BMI seems to function differently along income group divisions is unclear, but could be explained by the fact that children from lower income backgrounds were shorter and heavier, with a greater proportion of weight being accounted for by body fat. This phenotype would more likely be categorized within the normal BMI range compared with taller children, as it has been shown that BMI is not independent of height in children. 19 Furthermore, the possibility that a greater centralized distribution of body fat in the 'lower income' children could also explain, in part, the income group difference is currently being explored. This study also showed key differences between children from different income groups with respect to their agespecific body measurements. The small but significantly higher body weight for age is an obvious contributor to the higher age-specific BMI in the 'lower income' group children, and the higher prevalence of obesity in this group could be explained by this one factor. However, of more interest is the significantly shorter height-for-age in children from the 'lower income' group compared with those from the 'higher income' group. This difference amounted to a mean of approximately 1.3 cm, although given the wide age range of the children in this study, absolute differences in mean height are less meaningful than differences in height z-score. A similar income group height difference has also been observed in a study that examined childhood obesity and socioeconomic status in a Scottish population. 10 However, in that study, the age range of children was narrower and the mean age was younger than in this study (7. 43 years vs 8.86 years). Similar income group differences in height and hence BMI have also been observed in a Canadian population, 20 indicating this phenomenon to be reproducible across population groups. Clearly, shorter height is a second (and likely a more significant) contributor to the greater BMI, BMI z-score and overweight/obesity prevalence in lower income children. In our study, although this income group difference in height was observed at a whole group level and within the normal BMI category, this was not the case in the overweight/obese category (even though in absolute terms the overweight/obese children from the 'lower income' background were significantly shorter), despite children in this group being taller than those in the normal weight category. This one observation contrasted with that in the Scottish study. 10 One possible explanation for this discrepancy between these studies is that the overweight/obese children in the 'low income' group were, on an average, slightly younger in age (8.78 years vs 8.93 years, P ¼ NS)Fa finding in itself that merits additional investigation. Moreover, these income-height-BMI findings were further supported when children were classified by body fatness (that is, normal fat and overfat/obese). In children who were classified as having a body fat level within the normal range, those from the 'lower income' group were significantly shorter. At the same time, although overfat/obese children as a group were significantly taller than normal fat children, those from the 'lower income' group were still significantly shorter than the 'higher income' group children. This observation thus supports the hypothesis of a relative height growth limitation in children from 'low income' backgrounds, as proposed by Cecil et al. in the Scottish study. 10 Height growth limitation in overweight/obesity is considered unusual, particularly as it is understood that overweight/obese children tend to be taller than their non-overweight/obese counterparts. However, it can be a feature of some populations in developing countries. 21 This apparent relative height-growth limitation in overweight/obese children from a 'lower income' background is a finding that requires careful consideration. Although heightgrowth restriction generally reflects suboptimal nutritional experience at some stage of (early) development, the excess body fat accumulation at the time of measurement suggests, paradoxically, that energy availability and energy intake have not been compromised and on the contrary has been in excess of requirements. Furthermore, parental height was not obtained in this study and it is known that child height is a reflection of parental height (genetic influence) and height is known to be positively related to socioeconomic status (genetic and environmental influence). 22, 23 This is the first study to use BIA technology to explore variations in body fatness between children from contrasting Income status and body fatness D Samani-Radia and HD McCarthy income backgrounds. This was achieved, in part, by the availability of new body fat reference data for UK children. 11 It should be remembered that BIA predicts body fatness using an algorithm based on a number of variables including height and whole-body impedance. The extent to which the group differences in height contributed to the differences in predicted %BF is unclear, but should not be overlooked. Impedance is itself a function of height, whereby height functions as a surrogate for conductor length. 24 Nevertheless, methodological procedures, equipment used and measurers were identical in both surveys and so any variance in these aspects can be ruled out. It can be concluded that overweight/obese children from a population group considered 'lower income' are overall shorter, heavier and fatter compared with equivalent children considered to be from a 'higher income' background. The explanations for these observations are not straightforward, but certainly merit further investigation. Furthermore, the impact of these findings on risk for obesity-related morbidity in children across income groups could be important.
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